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Abstract
An H.264/AVC fast motion estimation methodology is presented in this paper. Advanced SIMD based NEON
which is one of the parallel processing methods is supported under the ARM Cortex-A9 dual-core platform.
NEON is applied to a full search technique with one of the various motion estimation methods and SAD
operation count of each macroblock is reduced to 1/4. Pixel values of the corresponding macroblock are assigned
to eight 16-bit NEON registers and Intrinsic function in NEON architecture carried out 128 bits arithmetic
operations at the same time. In this way, the exact motion vector with the minimum SAD value among the
calculated SAD values can be designated. Experimental results show that performance gets improved 30% above

average in accordance with the size of image and macroblock.

2 o
2 =FdAE ARM Cortex-A9 3ol TAFANA AYst= BEAE 7IH F 3] Advanced SIMD7]RE
o] NEON< A& H264/AVC 143t SAAFH HHES A7t tdst 4054 U 5 sl A
ded7IHo] NEONS FH&3le] Z+ MjlazE29 SAD d438l4E 1/4 #ZAaAZAY 9 azsse g4 s
S 871¢] 16bit NEON # A 2¥ o] &F35}9]al, NEONOIA A )38t Intrinsic 45 AF&3le] & Aol 128bit 14+
< FYsAn ol Wi og AitE SAD #E F FHA SAD #S UM AEge mAWEE A4t o 4
I el Av] @ wARESS AV wEt Fso] Bt 30% ol FATE AHE AT

Key words - H264/AVC, Inter Prediction, Parallel Processing, NEON, SIMD

* Dept. of Computer Engineering, Hanbat University . ME
ws8024@naver.com
Corresponding author
% Acknowledgment
This research was financially supported by the

H264/AVCE ISO/IECS H71E4lol 3 =A%

+3}7] 72 ITU-T(International Telecommunication

Ministry of Education, Science Technology (MEST) Union-Telecommunication Standardization Sector,
and National Research Foundation of Korea(NRF) TAAFAAF-A7FARZ D) T OETE
through the Human Resource Training Project for 71978 vy emd ®F#st #2de 98 JVT(Joint
Regional Innovation Video Team)& ZAd3te] ®RFE vt sdo|ti[1]. o]

Manuscript received Dec. 9, 2012; revised Dec. 17, ¥3S ITU-T oAH= H264 22 39 ISO/EC ©l

2012; accepted Dec 17. 2012

(382)



Acceleration Method of Inter Prediction using Advanced SIMD

= MPEC-4 Partl0 =+ AVCi
A9 H.263% MPEG-4 KU} 2
=55 61:)\]—}\]?31/]- whH o) thek

_124,
o
l-m

O
-

y

J}E
Bl o
k1 o2
it rq

H264/AVC7} o;gi O}L
Aow sz mEnr 2
25k, H-38l/ 55 st Z

g}, ol g

2 o -y Ao
)
= X
o>y =

E
flo to
)
T
ol ¢ fo
1:110 20 AL of ob

oo

2

T b B o ol
i)

. o
of,

_,a
O Nodo =

Moo
i

2

tlo

=2
e
s
o 2
1

L E o
f
2
il

= o
iih)
_O‘L
N
o

= o
o%

r’l
o

s

i)

30,
£
=

[ X oo O ox ri &

S,‘i 1o Ht o> mo

ZRaddt
¢l(Baseline), ®l¢ 34 (Extended)d] Al
7HA JEr-JJrO] gl et Fol CBP(Constrained
Baseline Profile), dto](High) Z=3%d T&
Atk

A& vde =29 F UM
= H264/AVCE ©2

=
=
=N
2
O>4

YA

stejz 92 AAE o] 3o

2uked )7, EHEE‘PC TAAE =gl AL HA
S A gkl AR K338 9 B35 g4 do]
HE \_151”]% i ~EZY e T UEs #oko
ARIIAA Abdew A Y FAelth oY
g FAE BHEEE oAARE &Eo g ;}]Zﬂ,i}
ZHQlo] e o]FojX 3 Qe H.264/AVCelA &
3], ME(Motion Estimation)i= €1g]% ZdelA 7}
B o] ofFoAE RE F ditolth W
e EE @ dlolE 9 HEF} At AHS o
7] 98 e YHEEC AdEAn AAE wge
A 295 7HAST AR ol AdHE F
AES YA @G dungPFAQl S age
Ao ZH Azgl o7 a4l FWolx e FHA =
o}z FEEo] Wol wr=Al HH 3}

et
i)
fo

H ®utd 717150 Al wek SoC(System
On-Chip) s % A ddstn Aok 18 12
ARMAFOl A AlF3HE Cortex-A9 ZZAAE
ARMI11 o] & AJEA AR A vlo] AR ZZ A
AMolt}, 71 ARM ZEZAA7}F zhe= Aoun 482
o gk HHstE o] Fx, g 7eEe] FUt
o7 28T o] z{x—]eﬂ /le AR daE &

# A Atk ARM Cortex-A Al 2 o FA oA
vtolAR I AN RN Fr Rutd, e s,

ECU, AMFHr2 vu| Ao, PMP, B&3 PC ¢
Alzwle] Agxo] ALgHT2]. =3 Cortex-A8 3

ZAA5-E NEONo| =
t}. NEON2>
AA e = e

EECEEERIORELE]
orle, ve B 2 3349 1Y% 2w

¥E25E AUPAe) 45 2 A5

(383)

101

Cortex™-A9 MP Core

| ARM CoreSight™ Multicore Debug and Trace |

| Generic Interrupt Control and Distribution |

FPUMNEGH FPU/MNECH FPU/MNEGHN FPU/MNEOM
Data Data Data Data
Engine Engine Engine Engine
Integer Integer Integer Integer
cPU CPL cPU cPU
L1 Cache LiCache L1 Cache LiCache
Snoop Control Unit (SCU)
o | | o | — P | — |
Tearstrs i Prciptmnie Cotrmrnce i

| Dual 64-bit AMBA3 AXI |

Fig. 1. Cortex-A9 MPCore Diagram with NEON
2l 1. NEONS =&t Cortex-A9 HE|ZO| 28

< AFsh= Bl BEY v 2 s A T
2HA4S 7MEgtely] YEl =9 ® Advanced SIMD
(Single Instruction Multiple Data) ©}7] €A o]t}
NEON vltjojxglalde g4 dolg 2%z 3
23518 vy dAxE 3 EﬂO]Ei AYdss &
A7 AEE
oEx HEE

g we ;\]7&»}
Z o4 MEE
Al F&kT,

2 =R AL o 2ok 244 2 =&
A @4l ¥ NEON 7143 H264 MES] o)
Ngth 38 A= NEON 7|&S 2 &3te] 33
%3t MEE &7fstar, 4404 Ads 34 Axs
olgit), mpx o 2 5EAE B
2 F T AT Y WS #

T oly

A2

. =&

2.1 Block-based Motion Estimation
FAYFAE T ol AA B o g3
o £AAL FEaE slEolth o)A = @
< e A FAMEE o] gste Y AR
& FAsta Zdede AT H gEE =9 @
A=A Aol kg T gAY Yust  x
: .

=
"
s
(0,
2
o
=0
-
d=h
4z
fole
k)
ofr
ol
rE
o2
>.

AR delH &
aA &4 F A IME(Integer*pel
Motion Estimation)®} FME(Fractional-pel Motion
Estimation) 22 F-2¥th FAeA EA §2 2
Ay S ET dojur] k] Wi g3t Tl
Aol Lzl W AAe LAAWE I ofd F

(e} o
FAAFGL



102

9 23] H.264/AVCel 4] 2]

IMEZ E3) A3tk @9oA Faqste] 22

27F Havt HE NALE FAoR FMEE 4838k

Az B2 oA A vl
B

-~
Ha 2500y o AME A Y Jus

o] &

91 Wyl o 2= SAD(Sum of Absolute Difference) "
AAE ALgsH, F$AS a8k gE A WE
o 2 AMgETh dA s MxN 272 BF
RS u (x, yoll AT A WAZEZT (x+,
y+el X% B2 7o SADE (H.1DE TdT 4

—1N-1
Y Flwy)—F_ vy

=0y=0

ADij) =

o714 Fie @4 T e, Foae ol
A Zege derath 4 (D B8 & 5 dxol
S5 SAD e HF FE] AL MaN
e gesich web AN AxBY o
AAYA W51 AT aRBE B 4G

A B e |
wiel Bagd ot P A

AxBxMxN ¢
FAE 8=

o]

H—‘—% o] o 7]

° = T © ==

¢S Ao FAAFHY IME9® FME #4-2 4

A FEzol A dwmrd oz Axe 60% o)L A
[e)

i e FRH AR olmz olHF AnLS
g AT} oA E GwralA FgE 1

{¢—— Search Range
(Block Size +7)

Before Frame Mation Vector (x, y) Current Frame

Fig. 2. Full Search Algorithm

a7 2. Hele|

a9 29 e WS AMgetE Ages dadE
L A4 ZPYS MxN E2E2 Yy ZF3 &
AAHEl S A7) f3] FAGAe] $H EEES F
o7 W oA old Zdel 9F Yo MqERE o
2% olg2 EAMR dA =zl @ 9
(Search Range) ¥ vlug $ Ha ESvH 4
E /M EE9 YAE FAAUNHZ AHg) 2+
o] E2o s Al FAFAg BE A A

(384)

Journal of IKEEE.Vol.16,No0.4,382~ 388 December 2012

SAD ZE<S AXtsle]l SAD ol HAavh HE A
S Zol $AUMEE AAAE Wolt4]. Adg
A gagge AP BAGG YolA s A
SHAYHEE FF F Qv wRel Fde] sdo] ¢
St FEEy] doe FES A 9o

ol9} o] AP SFHE LE X9
SADS AAtsle] FH e SADE Fol HYWHES
ARA7] Wit A9 WA Ha SADE FS
4 da Fdo] 4o AN BRE EE5S AAbE ok
7] wZo] t2 gV Ee nE AEsr B
ol AAZE AP E st AxHddAe] HE&Le oy
O gR@e /A3

MEE Adga713([5] A9Jstn: 3-Step A
719, S EA7 Y, thelolR =gy wE Ao
A7 5 ohgdt @Ayl EAgtt) ol A
VNPELS AMRLAE Fol7] ) BE E5S w4
37] B A g sgdsie EEE0S A
g3te] MEE S8t} s vk ojgjgd dugEES
AN ZEE ARERL s AAE EolEd] £EE A
HAw FEge RANHE dFsA R st A
35 7HH e @S X2 Qo

2.2 Advanced SIMD (NEON)

ARMv7 ol7|glxe] Mex FH2420 ARM
Advanced SIMD Extension©]™, NEON 7]<&o]g} 3+
etk 29 vre]l B s A ofZE Aol A AH
e Z2AAES iAoz 3= 64/128HE B3
SIMD 7]%&°]™, o] 7% ARM =9 UdR=Z
A 2A A mpo]zLkelo]l gla ARM o
A 2~E wWaesE Wz Y2y Wart EA43%
o}, =3 NEON2 A4 274 2 g-Ade
F5a+5 SIMD ° olgfgt WHEol=
Thumb-2 R =0 A A}ga

31 2423 87 i}
¥ I I — —

31 2423 87 0
Y S

3|1 Lc?ﬁwl‘(?‘ 87 I{?‘ :

2

R. | | | I Vector
l—f—’
Lane
Fig. 3. Parallel NEON Operation
8 3. #HZ NEON 2mzo|M
NEON-& ARM Cortex-A85-H 2| 8k

Advanced SIMD 7]4¥ke] of7|Elx 2 < t]e 9} H|Y



Acceleration Method of Inter Prediction using Advanced SIMD

1
A28 (Q0~Q15) 1671} 32ME  # A 2~ F
D31) 32705 Adstel A 128ME 9] HolHE &Al
o] At s Ad6l

N
T A=

2.3 Advanced SIMD (NEON) 7] &AH&

NEON 7]&& A2 AME3l7] Aairds dukd

Zzady wyds st wye]l Hasith
NEONS $13 oj4&e gdoleS Aastr] faA
ARM®] A4 po]Zla=s M2 NEONS %
gto]l Zkelo] EA gt NEONS 9¢ J}O]*LEP"]"
NEON ojl&g] gHol5S 337 s &
A ¥k NEON 7]=& AM&3th= Zlo] NEON 01
g W#o 5 AbgdtiE 22 olyth NEON 7]
AREBHE WS o o] AR UE &
[71.

o
r

P

¥ My o
O o nfz S’.ﬂ fl

7k NEON oj4l=2] &l

A WA P NEON ojd=e WHols AHest
o A3 oAEe 2HEE st Welth o Wy
7 ZIH o2 NEON 7]ES ARgdths Aol
AAE, 71 C/Creoll 95 EH?J AREAE A oA =
g ZRads Fadne AL v offus 9
o] ATH7].

. NEON C¥le] &%

ARMPOl A A58+ NEON C o] 2ds Apgs)
= @olth. NEON C 1o ggoldt 71&9] C <19
W, g4, EAE%E g2/ NEON o488 393
AES AMESSIEE UEOZ Coly ¥71A Qe
i g 4 Atk ARMOA AR AFstE Wgelr] o
ol AT F YA AR ojAET WH|E A}
b= aiq Aol vitka B 4 gloi7]

t}. NEON #b5 WE 3} 7o

25 mﬁ}% ks wete] Zeaw g zof A
NEON 71&§& Atgste] WH3 & 5 v 74
Avtd 7t AFoz A2 st WEE A= Wl
thoolgA HW FUHH] ZRad WHolu J&
F5 glo] vtz AL} & drk= FHo] YA
NEON 7|%o] dnh A g 5= By sio7].

2.4 Advanced SIMD (NEON) Intrinsic ¥4
NEON C ¢lo] #%-& NEON Intrinsic &-<[3][7]

(385)

103

oo

t}. Advanced SIMD ””301% o]
o{}dllipl 0101 =

Wt 2 Fo
, A¥Ae] olgg So] wEA EHe| oA
—‘?— T#8 SIMDE M7 mE I=E
g mEe Ho] CPUMNA &2
17] W&ol AERE E&A4Q HA~

EHg oA o 7hEA
Tdsopgttt, ARMON A =
3 oj4lEe] Z=® THEE
s o] &3]
o gk Faxo}
7=, Bk ‘Jr" Oquzd 245
, Eﬂ A= el e il mgk op7t

[8].

rlo

DRI D Y 4

=
a

X

rﬂ‘%
B N
1m§l—£rﬁl‘£rﬂlrﬁ

LR

Loge Mook A1 22 L

o
s oo o
0]
ol

it
o @ b

[

. Intrmslc

—EH

Table. 1. NEON Intrinsic Function
E 1. NEON Intrinsic &=

Intrinsic 3=
int8x8_t vadd_s8(int8x8_t a, int8x8_t b);
int8x8_t vsub_s8(int8x8_t a, int8x8_t b);
int8x8_t vmul_s8(int8x&_t a, int8x8_t b);

s

wl Al
= 1

=
W

NEON 7|&& AAR AHg3t7] A= 4t
SIMD % & 7]¥te] NEONS oJAlEg <o
o] C/Cr+oll vl B T o Rol
ok ARMAMIA = oldl @3S Bestr| s %
I Fo] oAlEYIER o] Foizl E
T3t} Intrinsic 9% C/C++
FRHE AFHY e gt dAFE D H
SIMD W#& FdatA g
SHI=E ZFo]7] 3l Intrinsic
F2 A= ArHE]

2
[}

R

9,

ol md om X N

]
=
LE

Intrinsic

m. =

[ =]
==2

2
[o}
2
T
=
T

31 "ojg #3
EEAE TYd ME @479 &

NEONel #-g3to] A9 SADE 7
A8t wAvEE Fake W Attt
NEON Qo # g o] ~Zer} ofd W uaoz

Ako] o] %ojzit.

7]

o o i
% o

KN
=

L
gl

L E

%Y 49] vldlg_sl6 Intrinsic &%

Z+2}(array_src_top, array_src_bot, array_dst_top,

s



104 Journal of IKEEE.Vol.16,No.4,382~ 388 December 2012

src_top = vidlqg_sl6(array_src_top);
src_bot = vidlqg_sl6(array_src_bot);
dst_top = vidlq_sl6(array_dst_top);
dst_bot = vidlq_sl6(array_dst_bot);
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